All round the world, many studies have measured elevated concentrations of Particulate Matter (PM) in underground metro systems, with non-negligible implications for human health due to protracted exposition to fine particles. Starting from this consideration, the aim of this research was to investigate what is the "aging time" needed to measure high PM concentrations also in new stations of an underground metro line. This was possible taking advantage of the opening, in December 2013, of a new section of the Naples (Italy) line 1 railways. The Naples underground metro line 1 before December 31 was longabout 13 km with 14 stations. The new section, opened in December, consists of 5 new kilometres of line and 3 new stations. During the period December 2013-January 2014, an extensive sampling survey was conducted to measure PM 10 concentrations both in the "historical" stations and in the "new" ones. The results of the study are twofold: a) the PM 10 concentrations measured in the historical stations confirm the average values of literature; b) just a few days after the opening of the new metro section, high PM 10 concentrations were also measured in the new stations with average PM 10 values comparable (from a statistical point of view) with those measured in the historical stations of the line. This result suggests that PM 10 pollution in the historical section is delivered by the motion of the trains, almost immediately, into the new section of the line ("piston effect").
Introduction
In urban areas, the transport sector contributes in the range of 20%-40% in terms of Particulate Matter (PM) emissions. To reduce this incidence, transport planners agree that one of the most effective sustainable transport policies to reduce PM emissions is the use of an underground metro system because it is based on electric vehicles and has high transport capacity (high efficiency in terms of passenger moved per hour and per vehicle). Furthermore, quality in public transport (e.g. low emissions, comfort, aesthetic standard of the terminals, safety and security) has become an explicit design variable for urban sustainable mobility [1] [2] [3] [4] [5] . However, all round the world, many studies have measured elevated concentrations of Particulate Matter (PM) in underground metro systems. Although reported results are not always directly comparable, because of differences in measurement instruments and methods, chemical and size characteristics of Particulate Matter, duration of the measurements and the type of environment investigated (e.g. inside train, ground/underground platform, inside station), all the studies conclude that the underground PM concentrations are consistently higher than in external urban ambient (outdoor), of a factor between 2 to 8 for the station platforms measures.
With respect to the PM 10 concentrations measured on station platforms (that is the type of environment investigated in this paper), high Particulate Matter concentrations have been measured in many subway systems all round the world (figure 1), such as in Stockholm [6] , Rome [7] , Seoul [8, 9] , Paris [10] , Barcelona [11] , Milan [12] and Budapest [13] . Johansson and Johansson [6] and Ripanucci et al. [7] observed that average PM 10 concentrations on the platforms in Stockholm and Rome underground are the higher in the world with values of 469 and 407 µg/m 3 respectively (with maximum values measured of 722 and 877 µg/m 3 respectively). Also other authors estimated very high PM 10 concentrations, for example Raut et al. [10] , Querol et al. [11] and Colombi et al. [12] have measured levels of PM 10 in stations platforms of Paris, Barcelona and Milan up to 5 times higher than the ones measured in external ambient (outdoor). The most "green" underground metro systems are in Taipei, Seoul and the youngest one of Los Angeles (opened in 2000 [14] ). For the first two metro system, Cheng et al. [15] and Jung et al. [16] have estimated low PM 10 concentration probably because these metro system are equipped with platform screen door system that is an useful instrument to reduce Particulate Matter concentrations on the platforms because create a screen between the platform and the train/tunnel. This system is relatively a new addition to many metro systems around the world, some having been retrofitted from a traditional one.
Finally, anticipating one of the research results, the average PM 10 concentration measured in Naples metro system is lower than 31% with respect to the other European ones.
Starting from these considerations, the aim of this research is to investigate what is the "aging time" needed to measure high PM 10 opening, in December 2013, of a new section of the Naples (Italy) line 1 railways. The paper is organized as follows: Section 2 describes the 2 experimental methodologies; Section 3 presents the main survey results. Finally, the conclusions and research perspectives are reported in Section 4.
Experimental methodology

Case study
As said, the case study is the Naples line 1 metro system. Naples is one of the most high population density cities with about 1 million of inhabitants and a population density of about 8,100 people/Kmq. These socio-economics and territorial characteristics make this city particularly suitable for a public transport system based on railway (Transit Oriented Development; (e.g. [5] ). For over 20 years an integrated planning project based on the use of railways station has been Line 1 of the Naples metro system.
Monitoring instrument and measure campaigns
The Aerocet 531 aerosol particulate monitor ( Figure 3 ) is a particulate mass monitor and particle counting all in a single unit (for more details see also AEROCET 531 Operation Manual [17] ). This instrument is small, handy and equipped with portable rechargeable battery (6V Ni-MH). This instrument is also provided with an iso-kinetic probe, vacuum pump, processor electronics and of relative humidity/temperature sensor (optional). Sessions are recorded in the unit's internal memory and can be transferred to PC through with serial port (RS-232 or RS-485 serial communication) and subsequently processed with the supplied software for the initial management of the data collected on Windows Operation System, or printed directly with the optional portable printer. When used as a mass profiler the AEROCET 531 provides a fast indication of particulate mass concentration per cubic meters of sampled air for the most commonly tested particle size fractions. Each sample takes 120 second, after the Aerocet displays the values of PM 1 , PM 2.5 , PM 7 , PM 10 and Total Suspended Particulates (TSP). Mass conversion is made using standard conversion factors, or by using your own programmable factors based on unique conditions (KFactor).
Line 1 Naples
Figure 3:
The Aerocet 531 aerosol particulate monitor instrument.
Using a laser-diode-base optical sensor, the Aerocet 531 uses light scatter technology to distinguish, measure, and count particles -larger than 0.5 microns. This detected information can be altered into particle mass using mass-density conversion factors, or may be displayed as particles per size range, depending on how the instrument is configured.
The optional Relative Humidity/Temperature Sensor may be added at anytime; the Aerocet 531 will automatically enable the measurements to the display screen and to the data logger.
The Aerocet 531 comes with an iso-kinetic probe that attaches to its inlet nozzle with the short piece of Tygon tubing provided. The length of the Tygon tubing going from the inlet of the Aerocet 531 to the isokinetic probe can be increased if necessary. However, longer lengths can burden the pump and slow the sample flow rate or cause premature pump failures, so in this survey the tube hasn't been changed.
The iso-kinetic probe helps reduce count errors related to the sample flow velocity and the aerodynamics of small particles. The instrument could be used as a particulate mass monitor for different applications:
 process control monitoring in sawmills, grain elevators, quarries etc.;  mines and ore processing plants;  indoor and outdoor air quality studies (aim of this study);  finding leaks and sources of contamination air ducts and filtration systems;  concerned citizen groups that want to do their own air quality studies;  event monitoring, fence line monitoring;  epidemiological studies.
During the period December 2013-January 2014, an extensive sampling survey was conducted to measure PM 10 concentrations both in the "historical" stations and in the "new" ones during the peak-hour of the business days. Outdoor measurements of these stations were also conducted to compare air quality both outdoor and indoor. As said Naples Line 1 was monitored and in particular the samples were measured PM 10 concentrations at metro stations of: Vanvitelli, Museum, Dante, Toledo, University and Garibaldi. The last three are identifiable as "new stations", the remaining stations as "historical".
The PM 10 levels were measured by an expert carrying the AEROCET 531 in a backpack, the station platforms monitored. The T/RH sensor and the upper end of the Tygon tube of the probe iso -kinetics were carefully arranged outside of the backpack. Furthermore, was used the standard Tygon tube (less than 5 cm) without the need for extension cords so as to avoid deposit of particles that could affect the subsequent measurements. All air samples were collected roughly 1.65 m from the platform floor and the logging interval for all measurements was set at 2 min.
To make the results homogeneous and comparable, measurements were always carried out on days of clear weather with surface temperatures in the seasonal averages 12-18°C and the average low wind conditions (wind speed <10 km/h). Obviously, the temperatures on the platform, being underground, are slightly different from those of street level; these temperatures are on average 16-17°C.
Survey results: mass concentrations
The results of measurements are summarized in Table 1 and in Figure 4 . The maximum value of PM 10 concentration was measured in the new station University and is equal to 340 µg/m 3 . In order to verify if there is a statistical difference between the values measured in the historic stations (Vanvitelli, Museum and Dante) and in the new ones (Toledo, University, and Garibaldi) a sample t-test was performed. A significance level of 0.05 was used for all statistical tests. Statistical results indicate no differences among data measured both in historical and new station platforms. This means that just after one week after the opening of the new metro section (Toledo-Università-Garibaldi) high values PM 10 concentration were measured. This result suggests that PM pollution in the historical section is carried by the movement of trains, almost immediately, in the new section of the line (like a "piston effect"). Furthermore, samples t-test was also performed to test differences in PM levels between indoor metro stations and outdoor environment. The results obtained show that concentrations measured in outdoor ambient are statistically different with respect to the indoor ones.
In Figures 5 and 6 the PM 10 concentrations measured during the morning peak hour of an average business day on both a new station are reported (Garibaldi station platforms) and an historic one (Dante station platform). As reported, the highest concentration values are measured when the trains arrive in the station platform (up to 42% greater than the average values measured on the platform). These results suggest that the passage of trains is the main cause of particulate concentration on the station platform, presumably with a two-fold action, as observed also in Colombi et al. [12] ; particles are directly produced from the wear of metal parts and are also re-suspended by the turbulence induced by train passage. These results were observed also in Johansson and Johansson [6] and Salma et al. [13] that reported the PM levels in metro stations closely follow the train frequency. Also these experimental results indicate that PM levels can be induced by the resuspension due to train movement. Finally we have estimated the daily average "exposition time" to these high PM 10 concentrations for the passengers of the Naples metro system. Through the transport simulation models developed for the Naples metropolitan area (for details see [18] [19] [20] [21] ) we have estimated that every day the Linea 1 is used by over one hundred thousand passengers and the average daily time spent for waiting the trains on the platform (for a round trip) is more than 18 minutes per passengers.
Conclusions and research perspectives
All round the world, many studies have measured elevated concentrations of Particulate Matter in underground metro systems, with non-negligible implications for human health due to protracted exposition to fine particles. In all investigated environments, concentrations are consistently higher than in ambient air (outdoor) up to a factor of 8 on the platform. The aim of this research was to investigate what is the "aging time" needed to measure high PM concentrations also in new stations of an underground metro line.
The results of the study are twofold: a) the PM concentrations measured in the historical stations confirm the average values of literature; b) just few days after the opening of new metro section, high PM concentrations was measured also in the new stations with average PM values comparable (from a statistical point of view) with those measured in the historical stations of the line. This result suggests that PM pollution in the historical section is delivered by the motion of the trains, almost immediately, into the new section of the line ("piston effect").
Finally, the average PM 10 concentration measured in Naples metro system is lower than 31% with respect to the others European metro systems monitored. These results suggest that metro PM concentration should be considered as an explicit design variable in transportation planning (e.g. [22] ). Starting from these results, the research perspectives will be:
 integrate the survey measures estimating also the Particulate Matter concentrations on board train;
 replicate the methodology proposed and applied in this study for the estimation of the Particulate Matter concentrations for a port container terminal. Furthermore, starting from the measures results one of the research perspective will be to introduce explicit handling vehicle pollutant attributes in simulation models (e.g. [23] [24] [25] ).
